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BSraiKG 01? HSO'IAInTCTLAR PLATES WIOTE LAEGS ■ D3FLECT I OlffS 

"By Samuel Iievy . 



The solutioji of von Karman ' s fundamental equations 

for large deflections of plates is presented for the case 
of a simply supported rectangular plate under com"bined 
edge compression and lateral loading. Numerical solutions 
are given for square pleites and for rectangular plates with 
a width-span ratio of 3:1. The effectiv.-e widths under edge 
compression are compared with effective widths according 
to von ICarman, Bengston, Marguerre, and Cox and with ex- 
perimental results "by E-amherg, McPherson, and Levy. The 
deflections for a square plate under la,teral pressure are 
compared with experimental a.nd ' t he or e t i cal results "by 
Kaiser. It is fo^^nd tha.t the effectivB v-idtins agree close- 
ly vj-ith Marguerre ' s formula and with the experimentally oh- 
served values and that the deflections agree with the ex— 
periment-al results and with Kaiser *s work. 



IITTECDITOTIOlsT 



In the design of thin plates that "bend under lateral 
and edge loading, formulas hased on the Kirchhoff theorj?- 
v/hich P_e gleets stretching and shearing in the middle sur- 
face are quite satisfactory provided that, the deflections 
s.re small com.pare6. with the thickness. If deflections are 
of the same order as the thickness, the Kirchhoff theory 
m.ay yield results that are considerahly in error and a more 
rigorous theory that takes s.ccount of deformations in the 
middle surface should therefore "be applied. The fundamen- 
tal equations for the more exact theory have "been derived 
"by von Karmdn (reference l) ; a num.her of approximate solu- 
tions (references 2 to 7) have heen developed for the case 
of a rectangular plate. This paper presents a solution of 
von Karman's equations in terms of tr igonomet.r icr series* 

Acknowledgment is due to the National Advisory 
Committee for Aeronautics and the Bureau of Aeronautics, 
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ITavjr Department, whose research projects on sheet'-stringer 
panels have provided the impetus a.nd the necessary finan- 
cial support for the work presented in this paper. The 
author takes this opportunity to acknowledge also the 'as- 
sistance of members of the Engineering Mechanics Sec-tion 
of the Ha^tional Bureau of Standards, particularly Dr. 
Walter Eamberg, Mr. Phillip Krupen, and Mr-. Samuel G-reenman 

PTODAi'ISKa?AL SqUATIOMS 
Symbols 

An initially flat rectangular plate of uniform thick- 
ness will be considered. She symbols have the following ■ 
significance: 

a plate length in x— direction 
b plate length in y-direction 
h plate thickness 
normal pressure 
w vertical displacement of points of the middle surface 
S Young's modulus 

p. Poisson's ratio 

x,y coordinate axes with origin at corner of plate 

X) ■ = Hi? , flexural rigidity of the plate 

12(1 - M.^') 

P stress function 

Subscripts k, m, n, p, q., r, s, and t , represent in- 
tegers. . 

Tensile loads, stresses, and strains v/ill be given 
as positive values and compressive loads, stresses, a,nd 
strains will be designa^ted by a negative sign. 
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Ec^uations for the Deformation of Thin Plates 

The fun.dament al equations governing the deformation 
of thin plates were developed TDy von Karman in reference^ 1. 
They are" given *by Tinoshenko (reference 4, pp. 322-323; in 
essentially the following form: 



H- sin = B a^-^ 



4 



a w . o w 
dx^' 8y^ 



(1) 



B w 
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Bx^ as'dy'" ay^ ^ ' ax"^ ay 

where the median— fioer stresses 8.re 
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and the median— floor strains are 
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The extroine-f ibor "bending and shearing stresses are 



X 



Eh 

(1 „ p.^) 



^ ay 



Bh 
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11 ^ _ _ 
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2(1 ^ p. ) ^ay 
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3(1 + Vi) 3xay 
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G-ener8.1 Solution for Simply Supported Hectangular Plate 

A solution of eq[uations (l) and (2) for a simply sup- 
ported rectangular plate mtist satisfjr the following bound- 
ary conditions • The deflection w and the edge bending 
moment per unit length are zero at the edges of the plate, 



ni^ = ^ D f-^ + M. ^) = 0. when x = 0, x = a 



my 



^ D + ^ ^) = 0, when 



y = 0, y = b 



These conditions are satisfied by the Jo\irier. series 

c» oo 

w = y y w^,n sin m ^ sin n ^ (6) 

m=i , s , 3 • ♦ • m=i , 2 , 3 , • . 

The nor^nal pressure ma.y be expressed as a S'ourier series 

oo oo 

V V . TTx . Try , X 

T) = ) / T3« « r sm s — K" ) 

r=i,s,3... s-i,s,3»,» 

3y substitution eq_uation (l) is found to be satisfied 
if " 

TT = _ « _£ + 

3 2 

p=:0,l,S,.» q=0,l,3.»# 

TTX Try 

b COS p COS q. — \o; 

P,<1 ^ a b 

where p* , p are constants equal to the average membrane 

X y 

pressure in the x- and the y-direction (see equation (S)) 
and where 

b„ _ - ■ 5 3 (3^ 4-B2 +53+344-35+33+2^+33+39) 

■^*^./sb,sa^ 
4 ( p — + q 



a 



and 
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B 



if q. f 0 and p 7^ 0 



"'''^k , t ( p»*k ) , ( q.- 1 ) 



0, if =: 0 or p = 0 
06 <i~i 



kt ( k+p ) ( q,-t ) +k^ ( q.-t ) ^ 



k=i t-i 



^''k,t^(k+p).,(ci^t) 



• if q. ^ 0 



B 



0, if q = 0 
00 q^^ 3. 



k=i t=i 



(k+p) ( t) (k) (q-t )+(k+p) (q,-t ) 
if q. ^ 0 and p ^ 0 



(k+p),t'"'k, (cL--t) 



B. 



B. = 



B^ = 



0, if q. 0 or p = 0 

p-i 00 

^ > kt(p-k)(t+<i)+k (t+a) { Wj^,t'.^(p„k),(t+cL) 

if p f 0 

0, if p = 0 
p — 1 00 



k=i tt=i 



k( t+q.) (p-k)t+k"'-b 



^^k, (t+fl)'^(p-k) ,t 



if q. ^ 0 and p ^ 0 



Bg = 0, if q. = 0 or p = 0 



B = 

6 



if q. f 0 



k=i t=i 



B^ = 0, if q. =^ 0 
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S . 2 



k( t+q.) (k+p) t^k^t 



k, (t+q.)^(k+p) 



if q. 0 and V ^ 0 



= 0, if q. = 0 or p =? 0 

00 oo 

^8 = 

k=i t=l 



(k+p)tk.(t+q.)-(k+p) .(t+q[) 
if q. ^ 0 or p ^ 0 



(k+p) ,t^k, (t+4) 



B^ = 



0 , if q. 

oo oo 



=5 0 and p = 0 



s s 

(k+p) ( t+qL)kt-(k+p) t 



(k+p) J (t+q.)^k, t 



k=i t=i 



if p 0 



Bq=0, if p = 0 



Equat ion . ( 2) i,s satisfied if 

2 



a 13 ^ 



r . s 



r , s 

r 



a 



— p__liw 



3 TT' 



4a "b 

t 



-,2 



( s-t )k-(r«k)t 



L 



y r , s 



(r«k) , (s-t)'^k,t 



k 



t t 1 t (k+r )-k(t+s) 
=5.0 t.^ o L 



.-Ot* DO 

k?=o %-x L 



(k+r ) ( t+s)-kt 



oo oo (- 

+ T. E , tk«(k+r)(t+s) 

k=i t-o L 

- E E f (t+s)k-(k+r)t 

k=i t=i L 



a? 



OD r 



« S E tk+(r«k) (t+s) 

k=:l t = 0 L 



^k,f^(k+r) ,(t+s) 
"^..(t+s) ^(k+r),t 
■^(k+r),t^k,(t + s) 
■^(k+r),(t+s)^k,t 
■^(r-k),t^k,(t + s) 
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t=i 



( t+s)k+(r-k) t 
( s^^t ) ( k+r ) 4-tk 

( s«t ) k+t ( k+r) 



-i2 



^(r^k)-,(t + s)^^k,t 
"^k, (s-t )'^'(k+r) , t 
"^(k+r),(s-t)^k,t 



(9) 



SPEOII^IO SOLUTION TOR SQ,UAK11. PLA^S .WITH 
STHHETEIOAL HOHMAL PHSSSUHS (jJ. = 0.316) 



Eq^uation (9) represents a dou'bly infinite family of 
eq^uations. In each of the eq_uations of the fa^mily the 
coefficients h niay "be replaced "by their values as 

given "by ec[Uation (8), Utie resulting equations will in- 
volve the knox^n normal pressure coefficients Pr , s ' the 
cuTses of the deflection coefficients ^jti n 9 "^^^ knovm 

average memTDrane pressures in the x- and the y«directions 
p'^' and Py» respectively. The number of these equations 

is eq^ual to the humher of unknov^n deflection;., coefficients 
, n • , 

In the solution of the following prol^lems, the fir&t 
six equations of the family of equation (9) that do not . 
reduce to the indeterminate form. 0=0 v/ill he used to 
.sol^e for the first six deflection coefficients ^ , 

Wi,3> ^3,i> ^3,3 » ^%,5» ^'^5,1* ^^^^ 

flection coefficients will "be assumed to "be zero. This 
assumption of a iPinite num"ber of coefficients introduces 
an error into the solution. In each prohlem the magni- 
tude of this error v/ill he checked "by comparing results 
as the num"ber of equations used in the solution is in- 
creased from one. to six. 

The resultant load must "be constant in the x- and in 
the y—di r e ct i oh and the houndaries of the plate must re- 
main straight. The first condition follows directly from 
the suh s t i tut-i on pf" eqiiatiohs ( 3 ) and ' ( 8 ) i n . t he f 0 11 o wing 
expr e s sions .; f or the- total- load: 
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n 



Load in x-direction = 



Load in y— dir e ct i on- = 



(10) 



Che second condition v;as. checked "by the, .suh s t itut i on of 
equations (4), (s), and (8) in the follov/ihg equations: 



Displacement of edges in x-direction = 




00 



CO 



E 



Pya 



8a 



m,n 



(11) 



111=1 n=i 




' =: « _iL_ 4- u. --± 



..m = i ■ n-i. 



Equations (lO) to (l2) are independent of x and y, 

thus shov,''ing that the conditions of constant- load and con- 
stant edge displacement are satisfied hy equati-ons (6) 
and (8) . 



stress coefficient's 



The 

(8) for a square plate a == h 
Poi.sson*s ratio was chosen as 



obtained f r om 'equat i on 



P > ^ 

are give n in tahle I, 
jj, = ^0.1 = 0,316 for con- 
venience of computation and hec^iuse it is characteristic 
of aluminum alloys. Suh st i t\it i on of these stress coeffi- 
cients in equation (9) gives the. equations in tahle II re- 



lating the pressure coefficients 



V' 



s > 



the average mem— 



hrane pressures in the x- and the y-directions Px and py 



and the deflection coefficients 



m, n • 



As an example of 



the use of ta'ble II, the first few terms , in. the first equa- 
tion are 
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0 = „ i^i^ + 0.37 -Ui « -iii - -l—g- -2^^ 



0.12-5 (^) - 0,1875 (^) ^ - ... (13) ' 

It i-'ill "be noted that the equations in table II are < 
cuhics and therefore their solution gives three values 
for each of the deflection coefficients ^•'^m,n* Some of 
these values correspond to 8»ta"bie equililDr iuiii, while the 
remaining values are either iraacinary or correspond to un- 
stable eq^uilihriura. Tortunatelj, if the eq.uations in . 
tahle I are solved "by a nethod of . succe ssivo approxima- 
tion, the successive approximations x^rill converge on a 
solution corresponding to stable eq^uilihr ium , 

Edge Oonpres5ion in One Direction, Square Plato 

IThe following' result's apply to squaro plates loaded 
by edge compression in the x-direction as shown in figure 1 

Hhe normal pressure p^ and the edge compression in 
the y-direction pyah are zero. Ifhe method of obtaining 
a solution of the equations in table II for this case con- 
sists of assuming values of — and determining by suc- 
cessive approximation from their respective equations the 

T. -1 j- X 1,3 3,1 3 , 5 1 > S = 

corr o spondxng values of s-» ^» —-z^ — ' — — » <^iiu. 

V ■ 21h • h h h . h 



n 

w 



Shose calculations have be-on made for 16 values of 



■^^-i-i- increasing by increments of 0.25 from 0 to 4.0Q; the 

^. h 

results are given in table III and figure 2« 

The membrane stress coefficients were computed from 
table I and "table tll with the results given in table IT,. 
The membrane stresses for the corner of the plate, the 
centers of the edges, and the center of the plate were 
then computed from equation (3) and equation (8) with the 
results given in figure 3., At the maximum 1 oad • c omput e d , 
the membrane stress at the corner_ is aliAOst three times 
the average compressive stress Px* 
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Tlie extreme-fi'ber Isending'^and shear izig st re s se s for 
the center and the corners of the plate were computed from 
equations (5), equat i on ' ( 6 ) , and tahle III with the re- 
sults given in figure 4* At the maximum load computed^ 
the "bending produces a maximum ext r eme-f iher stress at ^ 
the corners of the plate. "Thi s ..stre s s is directed at 45 
to the X and the y axes and has a value^ of ah out ij times 
the average median- fiher compression p^^.. 

Che ratio of the effective width, to the initial vridth ■ 
(defined as the ratio of the actual load carried hy the 
plate to the load the plate would have carried if the 
stress had "been uniform and equal to the Young *s modulus 
times the average • edge strain) xiras computed from, equation 
(ll). and tahlG III with the results given in figure 5.. At 
the maximum load computed, the average edge strain is 13,5 
times tho critical strain and the ratio of the effective 
width to the initial width is 0.434. 

As a. measure of the error resulting from the use of 
onl of the equations in the foregoing solution, the 

results ohtained hy usin.g one, throe, four, and six of the 
equations of the family of equation (9) arc given in tahle 
v. Tlao convergence is rapid and tho same result is ohtaincd 
with, four equations as vjith six equations. 

Uniform ITormal Pressure, Square Plate, 
Edge Compression Zero 

ThG folloxiring, ro suit s . apply to squa.ro plates loaded 
hy a uniform normal pressure as shown in figure 6, 

Poisson^s ratio p. is assumed to he 0.316. Che' edge 
compressions in tho x-diroction p^x^-'^ and in tho y- 
dircction py-ah arc zero. She uniform normal pressure is 
p. .The expan sion . of thi s pressure* in a^iPourier series as 
shoxvn in equation (?) gives pressu.re coefficients P-^^g 

= — (^) p. The method of ohtaining a solution of the 
rs Vtt/ 

equations in'tahle Il^for this' case 'consists of assuming 

w . 

values of ■ ^ and determining, "by successive approxima^^ 

h 

tion from their . r e spe ct ive equations the corresponding 
values of ^'^^ ^^^"^ ■ 
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calculations have "been nade for eight values, of — ^j^- in- 
creasing "by increments of 0»50 fron 0 to 4,00 v/ith the re- 
sults given in ta'ble VI and figure 7.. 

The iiiein"brane stress coefficients have hebn cotiputed 
from ta'ble I and ta"ble VI with the results given in tahle 
VII, The nemhrane stresses have "been cci-iput e d fr'on tahle 

VII, ec[uations (S), and equation, (.8) for the' corner , of the 
plate., the centers of the edges, and th.e center of. the 
plate with the results given in figure 8* The compressive 
memhrane stress at the corner of the plate is seen to ex- 
ceed consistently the tensile memhrane stress at the center* 

The extreme-f iher "bending stresses have "been computed 
from equations (5), equ-ation (s), and tahle VI for the cen- 
ter and the corners of the plate v/ith the restilts given in 
figure 9. Comparison of figures 8 . and 9 shows that the 
ratio of memhrane stresses to ext reme-f iher iDending or 
shearing stresses increases rapidly v/ith increasing pres- 
sure, Hhe tx70 types of stresses are of the same order of 

4 

magnitude at — a :- == 400. 

Eh 

As a measure of the rapidity of convergence, the re-i 
©ults ohtained "by solving with one, three, and six equa- 
tions of, the family of equation (9) are given in ta'ble 

VIII. The convergence of the value of the pressure is 
rapid and monotonic. In the case of the center deflection, 
the convergence, hov/ever, is oscillatory, "For small pres- 
sures the amplitude of oscillation rapidly de cr ease s ( r e f- 
erence 4, p, 316), For larger pressures the decrease in 
amplitude of oscillation is less ra.pi'd., as is indi-cated hy 
ta'ble VlllCh), hut an estima^te of the asymptotic value 

ma.y he o'b'tained hy noting that this value, if it exists, 
must lie hetvreen the value at any particular maximum (min- 
imum) and the average of that maximum (minimum) v/ith the 
preceding minimum (maximum). Since the next four oqua- 

v/t ^ W7 i ' vr-i ' 5 . ■ Wc- ^ 



tions in the series, giving — =-* — ' ■ — r^——* -~r^ — > and 

' ^ h -fi. h h 

\^rill cause a decrease in "^center > the correct value of 

h 

^center nvist lie heti^eeii a,704 (the average of 2.666 and 

2.743) and 2.743 when = 247. At -higher values of 

Eh 

■ ' - -T- > it nay he necessary to use the first ten equations 
Bh^ 
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of the faxaily of equation (9) to get a solution accurate 
t.o within 1 percent for* center deflection, 

tTniforn Homal Pressure, Square Plate, 
Edge Displacement Zero 

The following results apply to square plates loaded 
"by a uniform normal pressure as shown in figure 10, 
Poisson^s ratio p. is assumed to "be 0.316, Thje average 
edge tensions in the x«- and the y— directions -p^j. and 
v.. are ohtained from eauations (ll) and (l2) hy setting 

y 

the edge displacement equal to zero. 



+ y, — ~ — / m 



Bh^ . Eh' 



m , n 

oo 



P P ttS V 

Eh^ Eh^ 8 ' ' 



3 



h 



m . n 



The avora^G. tensions . -p^. and -p,- . are then suhsti- 
tutGd in the equations of table li, a value of ■ is 

pa'^ Wj^ 3 J 1 

assu.med aala; the corr e s-ponding values of — — ' yT^' 

Eh n J--^ 

and ? ^ are determined hy succc s sivo- appr ox- 
h h h _ ■ 

imation from their respective equations. These calculations 

W^ T . . . 

have he en made for four values of -y -- increasing iDy in- 
crements of 0,50 from 0 to 2,00 with the results given in 
tahle rx and figure 11. 

The memhrane. stress coefficients have iDeen computed 
from tahle I and t ahle" IX ' wi th the results given in tahle 
X, The memlDrane stresses have "been computed, from tahle 
X, equations (3), and equation (8) for the corner of the . 
plate, the centers of .the edges, and the center of the 
plate;, the results are {?iven in figu.re 12. The tensile 
memhrane stress at the center of the .edg;e Is seen to "be 
slightly greater than the tensile memhrane stress at the 
center ♦ 
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The e:jctreme-f ilDer "bending stresses have "been computed 
from eciUG>tions (5), eq^uation (6), and ta'ble IX for the cen- 
ter a.nd the corners of the plate v/lth the results given in 
figure 13. Comparison of figures 12 and 13 indicates tjiat 
"bending and memhrane stresses at the center of the plate 
are approximately^ the same at the maximum loads considered^ 

As a measure of the„ rapidity of convergence, the re- 
sults ohtained "by using one, three, and six equations of 
the family of equation (9) are given in ta'ble XI* Ihe 
convergence of the value of the pressure is hoth rapid and 
monotonic. In the case of the center deflection, th.e-. ccnver- 
gence is oscillatory. I^or small press\ires, this oscilla- 
tion decreased rapidly (reference 4, p. 316). Por larger 
pressures the decrease in amplitude of oscillation is less 
rapid, as is indicated hy tahle XI (d), "but an estimate of 
the asymptotic value may "be obtained "by noting that this 
value, if it exists, must lie "between the value at any 
particular maximum (minimum) and the average of that max- 
imum (minimum) with the preceding minimum (maximum) 

Since the next four equations for — — r-^» — r-^» 

^ h h h 

will cause a decrease in ^!!!s^ P-^ . P . ^ the correct value 

h 

must lie "betv/een 1.827 (average of 1»807 and 

1.846) and 1.846 when b 278.5. At higher values of 

Eh** 

pa 

2r it may he necessarj?- to use the first ten equations of 

Bh^ 

the family of equation (9) to get a solution accurate to 
vrithin 1 percent -for center defle.ction. 

Comlained Uniform Lateral Pressure and 
Edge Compression in One Direction, Square Plate 

tOhe following results apply to sqjaare plates v/ith 
simply supported edges loaded "by a uniform normal pres- 
sure p and hy edge compression in the x— direction as 
shown in figure 1. 

Poisson's ratio )J. is again assumed to "be 0.316. 2he 

edge compression in the y-diroction "p^^ah is zero* She 

method of ohtaining a solution of the equations in tahlo 

II for this case consists of assiming values of ■■ and 

Bh^ 
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— ^ and cLet ernining "by sue ce s si"re.. appr oxinat i on s fron 

h. ■ 

their re.spective eq[Uations the corresponding values of 

^.3,1 , ,3 , ^1. 5 , and ^5,1 , These caicu- 

Eh^ 3i h h - h . 

pa^ 

lations have "been nade for two values of „i 4 > 2.25, and 

Eh^ -r _ s 

29.5 and for five Values of ^J^^, and hence of £xfi_, 

' • h • Eh^ 

' "D a** 

corresponding to each value o-f -''x- ; the results are 

Eh* 

given in tahle XII. 



The ratio of e ffe ct ive ~ width to initial width has 
iDeen coraputed fron equation (il) and tahle XII with the 
results given in the lo.st two colunns of talkie XII p.nd in 
figure 14 ♦ The rediiction in effective width of sq^iare 
plates due to the addition of lateral load is seen to he 

app,r-e ciahle for > 2*25, • 

Eh^ 

As D. measure of the convergence, the results ohtained 
"by using one, three, four, and six of the equations in 
tahle II are given in tahle XIII. ^Dhe convergence is rapid 
and nonotonic^ 

SPEOII'IC SOLU^TIOLT FOE A HSOTAHaULAH PL-ATE (a = Sh) 

¥ITE HORI-IAL PRBSSUILE SYMMETHICAL TO AXES Oi' PLATE 

The first two equations of the fanily of equation. 
(9) for the case of a rectangular plate v/hose length is 
three tines its width (a = 3"b) are, for JJt = 0.316. 
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15 



^ Pi, 



•w p "b • w 
0.114-2 * a -v^ s 3 



0,063 2 -0.1873 



\2 w 



— 1-2 



^ ^ =k 0.370 ,,±_^ _3ja. 1 2-^^ 



/■W \2 



- 0.0625 i^-i^j ^^0.-267 V, ^ > 4- 0 ,125 V ■ ^ ^> ^ ^ 



V(14) 



In tho previous solutions a close n,ppr oxinat i on was 

I'or 



• c e n ^ 03? 

oTataincd wxth one equation as lon/^ as g < 1. 



this reason, in tho followin^:^ pro-alen only the first two 
equations, as given Tdjt eq^u-ation (14), will ho used and 

the deflections will he limited to values of ^center < -y ^ 

h ' 

It should he noted that the two. eq^uations of (14) will he 
adequate only as long as the normal pressure can he de— 
scrihed hy the first two terrns of equation (7): 



TTX- . Try . 

= Pi.i -r -r I's.i 



sm 



3ttx 
a 



sin H/: 



For no re conplicated pressure distrihut ions as well as for 

W r. 

^^h > 1» more equations of the family of equation-. (9) 
should he used. 



The foilox-zing results apply to rectangular plates 
(a = 3h) loaded hy a uniform lateral pressLire p and hy 
edge compression acting on the shorter edges as shown in 
figure 15 . 

Poisson^s ratio p. is taken, as 0,316, The' edge com- 
pression in the y-direction . p^^-ah is zero. The coeffi- 
ci ent s - . . - 



glx^en in equation (7) equa.l 



in the Pourier series for the pressure as 



P 



The method of ot)- 



r s \Tr. . 

ligkining a solution of equations (14) for this case con- 
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sists of assuming values" of -7-^ and — f — and determine 
ing "by successive appr aximat i o.n from their respective^ 

equations the corresponding values of . — — and 

■ ' plD-* 



ilhese calculations have "been made for 13 values of . 

Eh^ 

and — with the results given in tahle XIV. tDhe ra- 
h 

tio of effective width to initial v/idth was computed from 
equation (ll) and ta.lole XIV, with the results given in 
the last two column s Ox t a hie XIV and in figure 16 # She 
redLiction in effective width of rectangular plates 
(a = SId) due to the addition of la^teral load is seen -to 
be less than in the ca.so of squa.re plates (fig, 14). 

COMPARISOH WITH APPHOXIMATS TORMULAS 
Effective V7idth 



Approximate formula.s for -effective width have heen 
derived in references 2, 3^ 6, and 7. 

M^arguerre (reference s) expresses the deflection for 
a sc[uare rplate hy a" series similar to equation (6), He 
limits himself, however, to ^^^i , 1 > , 1 » and ^"w-^ ^ ^ and 

in his numerical work requires that w ^ ~ " ^ and 

that jJ. - 0. His stress function corresponds to the first 
terms of equation (8), He uses the energy principle to 
determine the values of ^1 ^ 1 and "w-^^^ instead of the 

differential equation given as equation (2) in the -pros*- 
ent work, Uarguerrc*s approximate solution is giv^n as 
curve c in figure 17, It is evident that, even though 
Mar guerre has limited the numhor of his arbitrary parame- 
ters to tv70 and has taken }J. = 0, his results arc in ex- 
collont agreement with the results obtained in the present 

paper. Marguerrc^s approximate formula ^q/^ v^^cr/^ ^ 
given as curve b,. This curve chocks v/ithin about 7 per- 
cent" with the- exact results. 

Scngston (reference 3) a.ssumes a sinusoidal deflec- 
tion equivalent to the first term in oq^iati'^n (6) in his 
solution for a square plate.. Ho then chooses his displace 
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ments so that the strain at the. :Supporte-d e^dges is uniform 
hut, in order to do so, he violates equation (l), Ov/ing to 
the method of choosing the^ displacements, however, the re- 
sulting errors should "be small* The energy principle i^s 
then used' to ohtaiii the solution. In order to take ac« 
coxmt of secondary Duckling, it is assumed that buckling 
of 1/3 and 1/9 the original v/ave length v/.ill occur inde- 
pendently a.nd that ■ the resulting ef^ectlv^e. width \j±11 he 
the product of each of. the sepa^rate effective widths. S'i- 
nally, an envelope curve to the effective ividths thus con- 
structed is drawn. This curve is given as curve d in 
figure 17« It differs less than 7percent from the effec- 
tive xiridths obtained in this paper. The fact that 3eng- 
ston's values are lox\rer indicates that the increased 
strength which shotild result from the conditions of uni- 
form strain at the. edges is lost due to the approximate 
method of taking account of secondary buckling^ 

The well-known formula of von K4rm4n (see reference 7) 
bg/b =2 ^ ^cr/ ^ plotted as curve a in figure 17, It 

is in good agreement with the effective widths obta,ined in 
this pa,per for small values of the ratio / ^ '^'^^ 
about 20 percent low for e/e^r - 

Oox; (reference 6) in his solution for the simply sup- 
ported sqiiare plate uses energy methods together xirith the 
approximation that the strain is uniform along the entire 
length of a nari'ow element of the panel. The effective- 
width curve thus obtained is plotted in figure 17 as curve 
e. It gives effective widths 10 to 20 percent below those 
obtained in this paper. 

Deflection under Lateral Pressure 

Havier*s solution for the smmply supported square 
plate with small deflections (linear theory), given in' 
reference 9, is included in figures 7, 9, 11, and 13 , It 
is seen that for small deflections the solution given in- 
this paper is in agreement ivi t h Favier ' s linear theory* 

Kaiser (reference 5) converted von ICarman * s different 
tial ec[uations into difference equations a.nd cs^lc^ilated 
deflections and stresses for a sq^uare plate under constant 
pressure assuming simple support at the edges with zero 

membrane stress, TLq obtained ^center _ g 47 fo^* 

h 
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= 118.8. This' center deflection is alDOut 25 percent 

lilgher than the curve in figure 7; this difference is proh 
ahly due to the fact that Kaiser allows distortion of J^he 
edges of the plate." "The membrane stresses calculated "by 
liaiser are ahout one-*f if th as large as. those given in the 
present paper. Ehis fact, as- well as a comparison of fig- 
ures 8 and'l2, indicates the .large influence of edge con« 
ditions on the raemhrane stresses. 

^ OOMPAEISOIT WITH EXPERI!€3KTAL ESISTJLTS 
Effective Width 

Extensive experiments on two aluminum-alloy sheet- 
stringer panels 16 inches wide, 19 inches long, and 0.070 
and 0.025 inch in thickness are reported in reference 8. 
The sheet of the 0,070-inch panel was 24S-T alclad alumi- 
nun-alloy and the 0.. 025-inch panel was 24S^T aluminum- 
alloy sheet. The pavnels were reinforced "by stringers 
(O.IS sq In, in area) spaced 4 inches on centers. Deflec- 
tion cixrves measured at the time of the e^rporiments indi- 
cated that in the panel having 0. 025-inch sheet the tor- 
si onal - st i ff no s s of the stringers was large Gno^^gh com- 
pared with the stiffness of the shoot to provide appro- 
ciahle restraint against rotation at the edges; in the ■ 
case of the 0*070-inch alclad aluminum-alloy panel the 
stringers approximated a condition of simple support. 

The effective widths resulting from these experi- 
ments are plotted in figure 18 using for e^p the "buck- 
ling strain of a simply supported scLuarc plate. It is ev. 
ident that in the case of the 0.070-inch alclad aluminum- 
alloy specimen the agreement is excellent up to stresses 
for which yielding due to the conhined "bending and mem- 
brane stresses v/as probably taking place. In the case of 
the 0,025-inch aluminum-alloy specimen the observed ef- 
fective width exceeded the calculated values for 
^/^cr ^ ^ ^"^^ ^^^^ agreement was excellent for e/e^^ > ^ 
xfhich appeared to be large enough to reduce t he - e i f e ct ■ of 
the torsional stiffness of the stringers as a factor in 
the ed.ge conditions. 
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Deflection under LaterB,! Pressure 

Kaiser (reference 5) has conducted a ca.refully con«- 
trolled experiment on one simply supported plate. In ^ 
this experiment I as in Kai ser *s theoretical x-zork, the edge 
conditions are such that the memhrane stresses at the edge 
are zero. She initial deflections obtained Ijy Kaiser are 
in agreement with the i^esults in this paper* At large de- 
flections, hox^-ever, the fact that the memhrane stress at 
the edge of the plate v/as zero in 'the experiment causes 
the measured deflections, to oxcood 'by apprecia'ble amounts 
the deflections calculated in this paper* 

National Bureau of Standards, 

Washington, B. C,, Majr 27, 1941. 
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TIBLI I.- EQUATIOFS FOR THE STRESS COEFFIOIEJTTS IF EQCJATrOH (8) FQR A SQUIRE PLATE (a - b) 
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TABLE IT— COEFFICTEHTS "FOR SQETARir PLATE TF THE FIRST SIX EQUATIOHS OF THE TAKILT OF EQDATIOH (9) 



Qli «= 0.316] 





0 - 


0 - 


0 - 


0 - 


0 


0 - 


a* 
Tf*Eh* 


-Pl.l 


~Pl,3 


-P3,l 


^3,3 


'H,5 
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1 


1 


*l,l 
0.37 ' 

b 


*1,3 
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b 


9.S6 ^'^ 
b 


*3 , 3 

30.0 

b 
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b 


63.5 

b 


■n^EnS 
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b 
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b 


-9 "2.1 
b 


b 


*1,5 
b 
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b 


g 
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b 


b 
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b 
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b 


b 
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b 
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0 


0 
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^.585 
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.350 
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0 
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0 
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0 
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0 


0 


0 
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.500 
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1.685 
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0 


0 


0 
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0 
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0 
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•1,1 *S,1 *3^3 
b h b 
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0 


0 


-4.68 
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0 
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0 
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0 
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-4.00 
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0 
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TABLE II ( Continued) 
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TABLE n (Continued) 
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TABLE III - TALTOS 01' COEi'J'ICIEHaJS IH DBPLBOTIOIT 
roiTOCIOlT 03* EQTJATIO^T (6) I'OE SqUAIlB PLATE UHPEH 
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TABLS IV 

VALUES OF COSFFIOISlfTS IV STRESS FUFOTIOIT OF EQUAriOlT (8) FOR SQUARE PLATE UNDER EDCOT 001IPRE8810V 
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.00 


.00 


.00 


.01 


.03 


.08 


.17 


.32 


.58 


.99 


1.56 


2.38 


3.43 


4.86 


16TT2b4^2 
Eli2 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.01 


.04 


.11 


.23 


.44 


.76 


1.24 


1.92 


2.81 


4.10 


SSTiSbg^e 
Eh2 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.01 


.02 


.03 


.06 


.11 


.19 


.32 


.54 


36TT2be ^ 2 
Ell2 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.01 


.02 


.04 


.08 


.17 


.32 


.59 


1.03 


1.87 


16Tr2b4 4 
Eh2 


.00 


.00 


.00 


.00 


.00 


.00 


,00 


.00 


.00 


-.01 


-.02 


-.04 


-.06 


-.08 


-.11 


-.11 


-.03 


64TT2bo ^ Q 

Eb2 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.01 


.01 


64TT2b8,o 
Eb2 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.01 


.01 


.00 


3STT2b4^e 
Eh* 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


-.01 


-.02 


-.05 


-.10 


-.20 


36TT2b6,4 
Eb2 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


-.01 


-.01 


-.03 


-.05 


-.09 


-.15 


-.28 


64TT2b3 ^ 2 
Eh2 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.01 


.01 


.01 


-.01 


64n2b2,8 
Eh3 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.01 


.01 


.04 


.10 


Others 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


.00 


-00 


.00 
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TABLE V - CONVESGENCB OP SOLUTION FOR ErFECTIVE WIDTH 
OF A SQUARE PLATE UNDER EDGE COMPRESSION AS THE 
NUMBER OE EQUATIONS OE THE FAMILY OP EQUATION (9) 
USED IN THE SOLUTION IS INCREASED 
[p. = 0.3163 



Avera.g;e edge strain 
Critical strain 


Effective -width 
Initial width 


Using one 

^'rom 
equation (9) 


Usin^ three 

from 
equation (9) 


Using four 

from 
equation (9) 


1 Using six 
from 
equation (9) 


1.00 


1*000 


1.000 


1.000 


1.000 


1.67 


.797 


• 797 


.797 


.797 


7.01 


.570 


.535 


.526 


.525 


13.50 


.538 

1 


.480 


.434 


.434 
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TABLE 71 - VALUES OF COEFFICIENTS IN DEFLECTION 
FUNCTION, EQUATION (6), FOR SQUARE PLATE UNDER 
UNIFORM NORMAL PRESSURE p 
[Edge compression = 0; jj. « 0.3163 



pa"* 


w , 


w , w 

1,3 3,1 


w 

3 • 3 


w w 

1 J 5 5,1 


c ent e r 




h 


h h 


h 


h h 


h 


0 


0 


0 


0 


0 


0 


12.1 


.500 


.00781 


.000814 


.000644 


.486 


29.4 


1.000 


.02165 


.00254 


,00156 


.9 62 


56.9 


1. 500 


.0447 


. 00666 


.00303 


1.424 


99.4 


2.000 


.0776 


-0152 


.00524 


1 . 870 


161 


2.500 


.1195 


.0299 


.00831 


2. 307 


247 


3.000 


.167 


.0516 


.0123 


. 2.742 


358 


3.500 


.221 


.0813 


.0175 


3.174 


497 


4.000 


.282 


.116 


.0236 


3.600 



i 

1 

TABLE Til - mUES 0? GOSiTIOIElITS IK STESSS TOICTIOI, EQUA^IOI (S), fOR SqjABS 

PLATE xmm muom itoekal pebssitrs p 



[Edge compression =0; ^ = 0,3l6] 







J. on D0,4 






l6Ti^'bo k 


36Ti^"bQ 




36Ti2tk,6 
Eii2 






pa* 


Eh2 


Eh.^ 




Eh^'' 


Eli^- 


Eh2 


i6tt%i^ k 


others 


> 


















0 
> 




4rT -bo,.© 


16tt%i,^q 


Eh^ 


36TF^i3,6 


16tt%Il,2 


3Gn 1)6^2 


3bn 1^6,^ 

Bll2 






Eli^ 






•771 'V c;. 


ijli 


Eh.2 





. ^ 


0 
tr 


0 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0,00 ' 


0.-00 


)-«• 

s> 


12.1 


•30 


•01 


.02 


■ .00 


,00 


.00 


.00 


,00 


.00 


!s: 
0 


29.^ 


1.19 


' .05 


.10 


,00 


.01 


.00 


.00 


.00 


.00 


(ft 


55.9 


2.63 


.16 


•31 


.01 


•05 


.00 


,00 


.00 


.00 


0 

« 

00 
0> 


99,^ 


^.59 


.39 


.72 


.oU 


.13 


•01 


,00 


,00 


,00 


161. 


7.06 


.77 


1.35 


.OS 


, 05 


.03 


-.01 


-.01 ■ 


•00 




2^7. 


10,01 


1.3H 


2.21 


.16 




.06 


-.03 


-•02 


.00 




35s. 


13.37 


2,l6 


3.35 


• 2S 


i»39 


.1^4. 


-.05 


-,0l| 


.00 




^97- 


17,11 


3.27 


U.SO 


.^9 


2.30 

{ 

1 - 


.27 


-.OS 


-.07 


,00 


to 
to 
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TABLE VIII - CONTERaENCB OE SOLUTION FOR pa^/Eil'* 
AND Wcenter/h A SqUARE PLATE UNDER UNIFORM NORMAL' 

PRESSURE AS THE NUMBER OF EQUATIONS OF THE FAMILY OF 
EQUATION (9) USED IN THE SOLUTION IS INCREASED 
[Edge compression, 0; |j, = 0.316] 



(a) Pressure 


! 


pa^^/Eh^ 


h 


Using one 
e quat ion 


Using three | Using six j 

equations j equations 

1 


0 

1 i 
4 


0.00 
29.9 
271 
, 572 


0.00 1 0.00 
29.4 i 29.4 

249 i 247 
516 i 501 

i 


(b) Center deflection 




^center/ii 


h 


Using one 
e quat ion 


Using three 
e qua t i 0 n s 


Using six 
equat ions 


0 
1 
3 
4 


0. 000 

1. 000 
3. 000 
4.000 


0 . 000 
.957 
2.666 
3.436 


0 .000 
.962 
2.743 
3. 600 

., ... . 
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TABLE IX - VALUES OF COEFFICIENTS IN DEFLECTION 
FUNCTION, EQUATION (6), FOR S(iUAIlE PLATE UNDEE 
UNIFORM NORMAL PRESSURE p 
[Edge displacement = 0; fj, = 0,316] 



pa 




X y 3 3 y 1 


3 , 3 




1 


^center 


Eh* 


h 


h h 


h 


h h 


h 


0 


0 


0 


0 


0 




0 


14.78 


.600 


.0089 


.00096 


. 00077 




.485 


51.4 


1 .000 


.0283 


.00366 


.00252 




♦ 952 


132.0 


1.500 


.0595 


.00965 


.00585 




1.402 


278.5 


2.000 


.0978 


.0193 


.0109 




1.846. 



TABLB X - VALltES OF COEFFICIENTS IS SWEISS FITNCTIOH, SQJJATION (S),. FOE SQTJABS 

PLATS UImDER UNIFOBM NORIiAL PRT^SSUHE p 
[Edge cLis:olacement , 0; ^- 0*316.3 











i6Tr"bi|^Q 


3&T^"%,o 


1 

l6TT2-b^^2 










Eh 






Eh" 


Eh" 


Eh^ 




•nil. 2 

Eh 




pa' 
Eh^ 


— <-> 


^0,2 


Eh 2 


1 DTi b r\ U 


0,0 




Eh 2 


36Ti^bo ^ 

IT- , D 


Others 




In 2 


Eh 2 




■ Eh? 


Eh2 


Eh2 




Eh2 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 




.'451 


.259 


.021 


,010 


.001 


.002 


.000 


.000 


.000 




l.Slb 


1.17^ 


.132 


*o66 


.006 


.019 


-.002 


-.002 


.000 


132.0 


h.iz 


2..59-. 




.21 


• 02 


.07 


-.01 


-.01 


•00 


27s. 5 


7.3s 

■ ■ - 


• ^.53 

— 


.29 


.^7 


.06 


.23 


.00 


.02 


.00 
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fAli,! XI OONVEHGIIHCE OF S CLOT IONS FOR pa^/uh^ 
AS? ^Cie^tei^/^ PLATH UNDER UNIFORM NORMAI/ 

Blll^SURl AS THE NUMBER OY: EQUATIONS OP THE yAMILY 
OF EQ,UATION (9) USED IN THE SOLUTION IS INCREASED 
[Idg© displacement a 0; jj. s 0.316] 





(a> Presr^ure 




pa^/Eh^ 


h 

i 

■f^ 


Using one 
eq^uat i on 


, Using three 
1 equations 


Using six 
e quat i ons 


0. 000 
, 500 

1.000 

1, 500 
2.000 


0.00 

14 . 83 
51.8 
.133.0, 
^80. 2 


1 [ — ' 

0,00 

14.78 

51.4 
132.0 
278. 5 


0,00 
14c78 
51.4 
132.0 
278.5 


("b) center deflection 


; 


^ cent erf ^ 

I 


h 


Using one 
equation 


Using three 
e quat i ons 


Using six 
e quat i ons 


0. 000 
.500 
1 .000 
1.500 
2. 000 


- 

0.000 
• 600 
1.000 
1.500 
2.000 


0. 000 

.482 

. 944 
1.382 
1.807 

— ] 


0.000 
.485 
. 952 
1.402 
1.846 



TA3LS XII - COMBINED UNIFOEId }^m^ PHSSSUHE m SDOS CaiPHBSSIOI 

m om DiREco:iOH ior a sqjjase plao}e 
[ 0.316] 



wi,l 




^1,3 ■ 






^'^1,5 


1 


Effective width 


Average edge strain . ^ 


h 




ii 


h 


h 

. 1 


h 


1 h 

■ . 


Initial' v/idtli 


(Critical strain)p_Q > 














= 2.25 




fM 

[_ - - h-* 


0.10 

.•:o 
.Ho 
.60 

• SO 


0.00 
1.87 

2.93 

3. Us 

3.9s 


0.0013U 
•ooite 
.00172 
,00276 
.00H5H 


O.OOI3H 
.00171 

.ooHoo 
.00697 


0.0001.37 

.oooiHs 

.OOOIdH 

.000250 
.000309 


0.000119 
.000120 
.000120 
.000120 
.000126 


0.000119 
.000129 

.000135 

.OOOlfe 

.000155 


0.000 

.973 
.935 

.SS7 
.S32 


0.0034 0 
•526 J 

•S55 

1.07 0 
1.30 

00 

„, tt!» 




4 


= 29.5 







1.00 


0.00 


0.0^16 


0.0216 


0.002^ 


0.00155 


0.00155 


0.000 


0.3H 


1.30 


1*93 


.027? 


.0321 


.00.37 


.00159 


.00173 


.H79 


1.10 


1.50 


3.0U 


.0325 


.0U13 


,0050 


•0016P 


.001S6 


.520 


1.60 


1.70 


ii.i6 


.039 


.055 


.006s 


.002 


,002 


.536 


2ap 


2.00 


5.7s 


•050 


• OSl 


.011 


.002 


.002 


.535 


2.96 

' .J. ■ 
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TABLE XIII - CONVERGENCE OF SOLUTION FOR EFFECTIVE 

V/IDTH OF A Si^UARE PLATE UNDER COMBINED UNIFORM 
LATERAL PRESSURE AND EDGE COMPRESS I OH AS THE NUMBER 
OF E^^UATIONS OF THE FAMILY OF EQUATION (9) USED IN 
THE SOLUTION IS INCREASED 
[iA « 0.316] 



(a) 

i 


Effective width 
Initial width 


when^^ = 2.25 
Eh^ 




1 

; 

i * 

t 


Using one 
equat ion 


Using three 
equat ions 


' ■ ■ 

Using four 
equat i ons 


Using six 

equat i ons 

- 


.10 

i 




.000 


.000 


• 

» \j \j \j 


• uou 


.20 




.974 


.974 


• y f ft 


• 9 74 


.40 




.935 


.935 


. 935 


• 935 


.60 




.887 


.887 


. 887 


. 887 


.80 




. 832 


.832 


.832 


.832 


(b) 


Effective width ^ pa^ ^ 

when 5,. = 29.5 

Initial width Eh^ 










Using one 
equat ion 


Using three 
equat i ons 


Using four 
equations 


Using six 


h 




equat % on$ 


1.00 




1,053 


.000 


.000 


.000 


1.30 




.493 


.479 

• 


.479 


.479 


1.60 




.536 


*520 


.620 


.520 


1.7 0 




. 551 


.536 


.536 


»536 


2.00 




. 556 


.536 


• 535 


.535 

• 
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TABLE XIV - COMBINED UNIFORM LATERAL PRESSURE p AND 
EDGE COMPRESSION IN THE DIRECTION OF THE x-AXIS Vx'^^' 

i 

I' OR RECTANGULAR PLATES 
[a = 3b; |j. = 0.316] 



Eh 


Eh*^ 


h 


W3 , 1 

h 


Effective width 


^ ' . , , ^ 

Average edge strain 


Initial width 


(Critical strain)p_o 


0.00 


3.66 


0.00 


0. 00 


1.000 


1 ^ 00 


.00 


3.72 


.00 


. 25 


. 978 


1 ♦ 04 


.00 


3.96 


.00 


. 50 


. 928 


1-17 


.00 


4.34 


.00 


.75 


.863 


1.37 


. 00 


4. 87 


.00 


1.00 


.798 


1.67 


2.25 


.00 


.313 


.0365 


.000 


.004 


2.25 


i.or» 


.344 


.0500 


.980 


.27 6 . 


2.25 


2.47 


.406 


.1000 


.989 


.683 


2.25 


3^69 


.443 


.300 


.962 


1.05 


4.50 


.00 


.583 


.0797 


.000 


.015 


4.50 


.77 


. 620 


.100 


. 926 


.233 


4.50 


2.68 


.739 


.200 


.967 


.765 


4.50 


3.58 


.800 


. 300 


.947 


1.03 
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Figure 1.- Square plate loaded by edge compression in x-direction. 





(a' x*^/lIb^)A (compress ion) 
{a* yA^/Ztfi)f^ (compresBion) 
(0<yaS/Ib2)(j (compression) 
(C'ya2/Ib2)j3 (tension) 



(cf'xa^/£li2)B (compresBidn) 

( a* yftS/SbS ) B ( t ensl on) 

(o»xa8/Eli3)o (compre»8ion) 

{a\$.^/llx^)Q (coaprssslon) 
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Figure 3.- Membrane Btresses for a square plate under edge eompreaslon. Average 
eompreaslTe streas in x-direction « Px > * 0.316. 



Figure 4.' Bending BtresseB at the center and the corner for a tquare h> 
plate under edge compreision. Average coapretelTe atreat ia^} 
x-dlrection > k • 0.316. 
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Critical strain ear- 
Figure 5.- Effective-width curve for a simply supported square plate under edge 
compresaion. ^ » 0.316. 




Figure 6.- Square plate loaded by a uniform normal pressure p. Edge compression « 0. 
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Figure 7.- Values of coefficients in table VI for deflection function w » 2 2 w^^j^ sin mTTx/a Bin nny/a 

for a square plate uhder uniform normal pressure p. Edge compression » 0; p. 0.316. Linear 
theory from reference 9. 
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Figure 8.- llembrane stresses for a square plate under uniform noirmal pressure p. Idge 
compression « 0; p- * 0.316. 
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Figure 9.- Eztreme-f Iber bending stressea at tbe center and the corner for a square plate under uniform 
normal preBsxire. Sdge compression * 0; |i. • 0.316. Linear theory from reference 9. 




Figure 10.- Square plate loaded by a uniform normal pressure p and by edge forces -Pj^ah and -Pyab 
sufficient to make the edge displacement sero. 
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Figure 11.- Values of coefficients io table ix for deflection function w « §^ w^^^^ sin umx/a sin nTty/a 

for a square plate under uniform normal pressure p. Edge dieplacement =0; m- « 0.316. 
Linear theory from reference 9. 
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C, (tf'3ta3/Eli2)B , (<5'ya2/i:h8)o (tension) D, {a* j^m^/Zti^) ^ , ((J'ya3/Eh2)j^ (tension) 

Figure 12.- Membrane stresses for a square plate under uniform normal Stress p. 
Edge displacement « 0; >> 0.316. 



I 



ITACA Teebnical lote lo. 846 



fi$m. 13,14 




O 



lOO 200 



300 



B, (T%ya2/Eti2) 



•4 i-z K-,tr.«m*.-.fiber bendinK stresses at the center and the corner for a square plate under 

Figure 13.- JJ^-^JJ^^i^J^J^Sg^rlr'^Mge displacement 0; >x - 0.316. Linear theory from reference 9. 
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Figure 14.- Effect of nornal pressure on effective width of a squauce plate loaded by edge compression. 



VACA Teebnioal lote lo. 846 



Figs. 15,16 



4 





< a > 








I 


1 














? \ ^ 



Figure 15.- Combined Aormal pressure and edge compression for a rectangulair plate (a « 3b). 
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[Grific&l strain) 

Figure 16.- Cffect of nomal pressure on effective wlAtb of a rectangular plate (a 3b) loaded by 
edge coapresslon on the sliort sides. 
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Figure 17.- Effective-width curves for a simply supported square plate according to diff- 
erent sources. 

(a) Reference 7, be/b * ■s/iqxT* Ct>) Approximat e form ula of reference 2, 

Approximate solution of reference Z be/b ■ -^Ccr/e 

0.09 + 0.80 Ve< ^ ----- 



e) Formula, of, reference 6, b^/b ■= 0.09 + 0.80 Veer/' (d) Solution of reference 3 

(Sxact) Derived from pre8.ent paper 
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Figure 18.- Comparison of computed effsctive width and experimental results from refemnctt 

B . Tbe critical strain is tbs computed critical strain for simply supported 
square plates. 



